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REGRESSION MODELS FOR ESTIMATING OF
STORM RUNOFF LOADING

w E E B -

Senichi EBISE™*
ABSTRACT; Because storm runoff loading in a river is larger in comparison with loading in same period of dry weather day,
the author proposes following regression models to estimate its loading. Plotting the relationships between sum of loading a
unit area (ELgmss/A) and sum of flow a unit area (EQgross/A) in direct runoff period by storm events on logarithmic paper,
the points are in a restricted range and are expressed as an exponential equation, ZLgrog/A = a'(EQgross/A)n, by regression
analysis. Similarly, for net loading by direct runoff (ZLy () which is substracted sum of loading in same period at dry weather
day (ZLpgse) from ZLgrogs, 3 regression equation is obtained with net discharge (ZQpet), Zlnet/A = a*(ZQpet/A)". And
also, net loading a unit area (ZLyet/A) could be expressed as regression equations with ZQp¢, observation period (Tg;r) or
rainfall duration period (Tpy;,) and area of basin (A) as following: ZLpoi/(A*Tajp) =2 [ ZQpet/(A Tgir) 1% Ilpet/A =
a*[ ZQpet/(A*Train) I Using observation data (28 cases) of influent rivers into the Lake Kasumigaura, regression equations
of four types are obtained for almost all water quality indicators with high regression coefficients. Especially, these four
regression models could be applied not only for total and particulate component loadings but also for dissolved component
loading.

KEYWORDS; storm runoff loading, direct runoff, particulate matter, dissolved matter, input loading
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Table 1 Watershed areas of observed rivers and rainfalls of observed runoff events.

River Observation Point {Watershed Area | Population Density Rainfall of observed runoff event
R. Sanno Hinode Bridge 12.4 km® 1,807 capita./km? | (58mm: 36mm: 7 mm:
Barakidai 8.3 km? 2,402 capita./ km? {58mm:{36mm:
Suginoi Bridge 6.2 km® 487 capita,/km® | “58mm: \36mm:
R. Bizen Komatsu Bridge 6.48 km?® 2,235 capita,/km? | 40mm:
Kamitakatsu 2,36 km?® 1,493 capita./ km® {40mm:
R. Kozakura Kozakura Bridge. 17.63 km? 87 capita./km? 3mm: ,38mm: 12mm:
Tsuji (Asahi Bridge) 7.99 km? 37 capita./ km? 73mm:E>3mm: {38mm: 27Tmm:
Nakayama 2.36 km® 49 capita/km’ 3mm:
R.Terayamazawa |Shimada Bridge 6.31 km? 89 capita./km? | 195mm:{ 73mm: 27mm: 17mm:
R. Daisakuzawa|Hosouchi- shita Bridge 3.11 km? 126 capita./ km® ﬁ%mmz 73mm: 27mm:{17mm:




ARMAT, ENZNOHAMLETTH Table 2 Water quality indicators and their analutical methods.
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COTHITOXNR & T BKEEE OME | SS Glassfiber filter method
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Table 3 List of regression equations. (TL(kg); A(km®); £Q (m*); T (hr))

First Model Second Model Third Model Forth Model
— n . n Z Lnet _ Z Qnel " . Z Qnet "
Elon/Aar (DQues/A )" | Ehowe/A =2+ (LQu/AY | 2 —a (L) | g /g (B )
gg | 0.000202 (ZQuuw/AY" 0.01312 + (TQu/AN| 0.02116 + (ZQu/A) @ | 0.1577 » (%—%’”:‘—)l'm
(r=10876) (r = 0.865) (r = 0.779) (r=0.753)
2 Quer )-0s5
. 1.339 . 1.042 . 1.089
T—cop | 0-000697+ (EQgwss/A)'* 0.01551 + (XQua/A) 0.01408 * (X Qnet/A) 0.1606 (A Td")
(r=0.898) (r = 0.870) (r = 0.830) (r=0723)
R 1.487 . 1.235 . 1.433
p_cop | 0-000122% (X Quoss/A)"*" 0.001877+ (X Quer/A) 0.001682° (X Quet/A) 0.03209° ¢, Td“)
(r=0873) (r = 0.855) (r=0792) (r=0.704)
0.00236 + ( ZQuass/A 7 0.00436 + (TQu/A) | 0.00442 + (SQue/A)* | 0.02487 (2 )
T-N A* Tar
(r =0.953) (r=0.954) (r = 0.900) (r=10.844)
poN | 0-000320° (¥ Quus/A) Y 0.000767+ (L Qua/A)"™ | 0.000561% (L Qur/A)"* | 0.02533¢ (EQT; )y
(r=0834) (r=0.740) (r = 0.697) (r = 0623
op | 0000363+ (ZQuoss/A)"% 0.001386+ (LQuer/AN™ | 0.000393+ (LQui /)" | 001356 (%QT"“ )y
— ¢ lair
(r=0833) (r = 0.669) (r = 0.571) (r = 0.526
p_p | 0.000126° (X Quow/A)!1Y 0.001844% (L Quer/A)" | 0.001617+ (LQut/A)*™ | 0.01292¢ (fAZQTT‘” )
* ldir
(r=0784) (r=0949) (r = 0.877) (r=079%8




3

101
WA OBEIT L HRIX, Fig.4 @%ﬁf\
BRI SHB TR L0 AS, Fig. 8 KR E
TEOSBLEOEMLERCS B, Li

Mo T, Total PBEREMOSOKEERE 1

kg/k

* R.Sanno
oR.Kozakura
cR.Bizen

2 R.Daisakuzawa

4 R.Terayamazawja

D

E%®Eﬁ%ﬁmiafmg9m%¢8
TQui/ A & YL/ /A OBIKRD LS,
AR E L CRTABCERASE SN ¢
5, bbAA, BHEEBRAOES, BHE <
o Total & X UBBERA OER 5 &
VOWES+ABEE, & FrTom W
EDELLTCOMEARERTH S, LoL,
BECIZTOBERIBLLEREDNS, 2T
T, BEERS OBEEL D Total R BE
RSO ES EEKOTETHERREL %
Kb, BoniEBlHNIE Table 3 & E
I, —f&L T Tabled iL’Rg, D—PODE
3EFVOMBBRKOMEE L, Table3 @
T-POEIEFNVOBELEALURRKEE
Abh3d. BEWHED SS LEAMK, AF
#MEo Cl- BD-COD, D-N, D—P &
Bk OB RBB LN,

5.4 BxW@EBA

51 ~53T7ay FENIF—50D5H
HRAEEBRFATHIE, CoRREFVE,
BplichEiIcd 30 IREKEORE)I Y
—YDIN—TTODELDBERICONTD

D—-

Lne

-

_bnet/A of D-N (kg/km?)

o3 1
0}

Fig. 9(a)

3 Qnet/A  © (10°m¥km?) 1O

10°

+ R.Sanno

o R.Kozakura

G R.Bizen

a R.Daisakuzawd

4 R.Terayamazaw.

Fig. 9(b)

1 Zo.net/ A

10 (10°m¥km?)

10°

A

10

BABEMELTOELC NI XA-FERETS L,
BEOSVREBHRHANTROREDTSE
B3LEBbhd, CoOERBEEFVE, 18
NolBROBERFLARROEE ICHE

=y

®R.Sanno
©oR.Kozakura
OR. Bizen

4R. Daisakuzaw

AR. Terayamaza

/

v

/

HTX20RMATH DM, Hiterrw
i, —EHENOBNE—TE oMW EEM
WOy Vv—7TkNdT, E/v— 7 &I
TEHTEHYBBARRLANREEE [
FRE, BREAEORCC L ZETEOR
EOMB LY/ TE Bz, RUEMOKR
BERESOBEMBEGE TREOS VBB
WRBHEGROERICAVS 3, £,
Ny — OBV EiICEREFLER
B, FEO LR AR EOREE SR
B SRR ANROBEERN T
BT L bARELER SN B,

Lnet/A of D—P

e
/
/

/|

Fig.9(c)

! Zanet/A

" 10°m¥kme)

10

Fig. 9 (a), (b)and (¢) Relationships between specific
cumulative flow and specific cumulative loading
of D—COD (a), D—N(b) and D—P (¢) by storm

runoff.



6. EFILOBEREESEKANANDBEA

BREANANBETEF ML, A%, SAICE, 550, EREREOBVICLBZEAN Y- T
L, o, BBHEOSBEBCLLEZNTN NI A - s ARETHIEERESECBE S, Lo L, &d0
IO IHMEOREEBAREF > kL, HIPHEBHECEEZRBY S oHic, RBABOKE I TR
LB TORNZTE »/co MELTIRMPRBORBMCIBEHEMALELET 5, HREHOBEREEHE,
—HOBFE LT, LRI 200mm T BRI LD EH TS B, FRIEEIC & i KRBT L OE
ERRRLLY, —IEOHZR 15~200 mm AiETHS, INEDVBHEMWNS VEEE, HEZBRR®GED
ﬁ%<f%%ﬁﬁm&@ VBT EEBICKRE LS, BRREONSBBHICE > T 2OBES/IE
WS THbE, bbAA, FEEROHMBHEHBRLERLECHEMAIITE, BRSNS TLZORE
BHME~NOEBIHELNIY, BRBHEARNESSLARINTLODZO0EHOIRIVLORZDOPIED T
WOHE->ThLOBENBEL,

RBBEBIC OO TR, BROMBATO —RIZREL TEERELG VN VICHBE T 20iciE, BY
EHREBROBRBICHBEBRINZC Lic 3, CCTAVEBAMER, FEo0ErmickAd s/hHEI
CHRENOZHTHESAEE L CRRER0 km fIEO @20 TH L, LrL, KAIKELWTS, £
NENOXKPEINTE, ~EOMWICL 5 EERHRBRSBMEBNE O EF VORABANAETS
B, FENTUHASUBAROBRCENIAROBRTBALANELEL, ThhHRBKEANEE O
ﬁtﬁﬁ%ﬁ&ﬁﬁ§@¢fk%ﬁvl4b%éb%ctﬁﬁM@mwwﬂfwﬁﬁ%%éwéﬂ&@o
T3, £/, REBICRATZEFRN FRBRHEATEENN, ZFABICKATIEINBE] KBV T
BREAHAWEOBAAT SN, BREAHAHEBRABLIERLCZORBOAS SNEH STV S,

THSAMINCHREAN 6D T, LBOBT LOBERE LG - TRNEREAMBSAECMAT
RS R EAAREABEOZ 5 - TOB%EA 5 OEN GREE K 9114 km?; 86mm, 166 mm
JEDBR), HESOE/N” (B 643.6km?; 21~ 147mm QR 1 @), A (REEHR620.8km? ;
60~140mmO%F 1 @), REN"EARIO XK, RRERE 109.7km?; 50~ 80mmO B 1 @), koo
ZENY O THRSE (KRBERE 2184 km? ), dFHH (HRTHE 1561.5km?) B L ORE U bRe (RINHEE
1201 km®) €2 W T DOEEK S0 mm OBMR 1 B, OBAKREARCEAROBIFEAL -,

RANEEW TS, BREREOZMARKRICHT S Total 20 IBEEOKEEH O RMKH AR
BOBEIbREKIFEEL LY, REHEOERICLIZEZEER N REER Y 0 O M S 05 ik
ELHABANBOREMAK (BE2270) LLTT oy b LELDOW Fig. 10TH 5, CHIT-P OFITH
55, fhod Total # SS OKBHHRKDOWTHEHROMABREL -TVE, T4, BRERLEASZEDLLRE

90 mm,

Table 4 List of Regression equations for dissolved matters. (XL (kg); A (km®»;£Q (m®; T(hr))

First Model Second Model Third Model Forth Model

_ . _ n 2 Lnet _ 2 Qret \° 2 Qret n

S Lo/ = (S Quons/ AT | S/ A= (EQut/AY" | 22— (=2 | p /= (S82)

Cl- | 02212+ (ZQuuss/A | 0.0883 + (TQua/W"™ | 0.0501 + (EQue/A)* | 0.3083 -(%g?LY””
¢ lair
(r = 0.794) Cr= 0.935) (r = 0.809) (r=0.834)

. . oss/A) 0812 . . et /A)0-639 0738 - et /A) 045 4 {2 Quer \0.677
D—COD 0.0206 (X Qgross/A) 0.1071  +(XQu/A) 0.073 (ZQoet/A) 0.3517 ( Td“)
(1 =0.892) (r = 0.862) (r=0.620) (r =0.756)

pon | 0-001B1 + (EQuuss/AF | 0.00207 * (TQua/A)*** | 0.00144 + (EQuet/A)* | 0.00932 + (ZQw Y°“
— dlr
(r =0.956) (r = 0.896) (r=10.756) (r = 0.857)

bop 0.000620+ (ZQHDSS/A)o.na 0.000416¢ (Zth/A)O.NG 0.000187~ (2Qnez/A)°‘”7 0.000499. (ZQnet )0 st‘
(r=0.759) (r=.0.654) (r=0473) (r=0704)
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